Chemical context
Chalcones are one of the most important classes of flavonoids. Natural and synthetic chalcone derivatives have shown a variety of promising biological activities such as anti-inflammatory, anti-gout, anti-histaminic, anti-oxidant, anti-obesity, anti-protozoal, hypnotic and anti-spasmodic activities (Gomes et al., 2017) . Heterocyclic compounds including pyrazolines can be synthesized from chalcone derivatives. Many compounds containing pyrazolines show different biological activities and are known to act as anticancer (Johnson et al., 2007; Gomha et al., 2017) , antimicrobial (Patel et al., 2016) , antitubercular (Taj et al., 2011) , anti-inflammatory (Malhotra et al., 2010) , anticonvulsant (Siddiqui et al., 2009) , antiamoebic (Bhat et al., 2009) , antioxidant (Srinivasan et al., 2007) , antiviral (Gomha et al., 2016) , antibacterial (Kumar et al., 2008) and antinociceptive (Kaplancikli et al., 2009) agents.
Pyrazoline derivatives have been synthesized by condensation of chalcones with hydrazine derivatives using conventional synthesis (Shahare et al., 2009; Sridhar et al., 2012) and microwave-assisted synthesis (Kumar et al., 2008; Patel et al., 2016) .
In this article, we report the synthesis of a chalcone derivative by condensation of vanillin with p-hydroxyacetophenone and subsequent cyclization of this chalcone by reaction with hydrazine hydrate. Furthermore the molecular and crystal structure of the title compound, 2, are presented together with a Hirshfeld surface analysis and non-covalent interaction plots.
Structural commentary
The title compound crystallizes in the orthorhombic space group Pbca with one molecule and a water molecule in the asymmetric unit (Fig. 1 ). The pyrazoline ring (N1/N2/C3-C5; r.m.s. deviation = 0.078 Å ) is slightly twisted on N2-C3 [puckering parameters: Q(2) = 0.175 (2) Å , È(2) = 60.7 (7) ]. There is a clear difference in both C-N bond distances in the pyrazoline ring: N1 C5 shows double-bond character [1.287 (3) Å ] while N2-C3 [1.496 (3) Å ] is a single bond. The dihedral angle between the two benzene rings is 80.66 (11) . The planes of the C6-C11 benzene ring (r.m.s. deviation = 0.004 Å ) and the pyrazoline ring make an angle of 86.73 (12) . For the C15-C20 benzene ring (r.m.s. deviation = 0.006 Å ), the dihedral angle with the pyrazoline ring is only 13.44 (12) . Both the hydroxy and methoxy substituents of the C6-C11 phenyl group are within the phenyl plane with deviations of 0.011 (1) (O12), 0.166 (2) (C13) and À0.057 (2) Å (O14).
Supramolecular features and Hirshfeld surface analysis
In the crystal of 2, the O22 water molecule bridges three molecules by O-HÁ Á ÁN and O-HÁ Á ÁO hydrogen-bonding interactions with the N1 atom and the O21-hydroxy group (Fig. 2 , Table 1 ). The pyrazoline N2 atom acts as a hydrogenbond acceptor to the second O14-hydroxy group, resulting in chain formation along the b-axis direction ( Fig. 3 Table 1 for symmetry codes). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) x; y À 1; z; (iii) x þ 1 2 ; y; Àz þ 1 2 ; (iv) Àx þ 1; y À 1 2 ; Àz þ 1 2 ; (v) Àx þ 3 2 ; y þ 1 2 ; z.
Figure 1
A view of the molecular structure of 2, with atom labels and displacement ellipsoids drawn at the 50% probability level. H atoms are shown as small circles of arbitrary radii and the O-HÁ Á ÁN interaction as a dotted blue line.
Figure 3
Partial crystal packing of 2, showing the chain formation along the b axis by O-HÁ Á ÁN interactions (blue dashed lines). Parallel chains are linked by N-HÁ Á ÁO (red dashed lines) andinteractions (grey dashed lines; Cg1 is the centroid of the C6-C11 ring; see Table 1 for symmetry codes).
interact bystacking [Cg1Á Á ÁCg1(Àx + 1, Ày + 1, Àz + 1) = 3.6627 (11) Å ; slippage 1.442 Å ; Cg1 is the centroid of the C6-C11 ring]. In addition, a C-HÁ Á ÁO interaction is observed in the crystal packing (Table 1) . No voids are observed in the crystal packing of 2. The Hirshfeld surface (calculated using CrystalExplorer; Turner et al., 2017) mapped over d norm in Fig. 4 also gives the usual indications of these intermolecular interactions through the appearance of bright-red spots near participating atoms (Spackman & Jayatilaka, 2009 ). In addition to the interactions already discussed, faint-red spots near atoms C8, C11, H3 and H4A illustrate short CÁ Á ÁH contacts (H4AÁ Á ÁC11 = 2.83 Å , H3Á Á ÁC8 = 2.80 Å ). The associated two-dimensional fingerprint plots (McKinnon et al., 2007) were used to further explore the intermolecular contacts ( Fig. 5 ) and indicate that the major contribution is from HÁ Á ÁH contacts, corresponding to 44.3% of the fingerprint plot ( Fig. 5b ) followed by reciprocal CÁ Á ÁH/HÁ Á ÁC contacts (25.1%, Fig. 5c ). Significant contributions come from reciprocal OÁ Á ÁH/HÁ Á ÁO (20.7%) and NÁ Á ÁH/HÁ Á ÁN (7.0%) contacts, which appear as two symmetrical spikes at d e + d i = 1.65 and 1.80 Å , respectively ( Fig. 5d,e ). A further small contribution is from CÁ Á ÁC contacts (2.3%, Fig. 5f ).
Based on the Hirshfeld surface analysis, enrichment ratios (ER, Table 2 ) were calculated by comparing the contacts in the crystal with those computed as if all types of contact have the same probability of forming (Jelsch et al., 2014) . A ratio greater than unity for a pair of elements indicates a high likelihood of forming contacts in the crystal. This is the case for NÁ Á ÁH and OÁ Á ÁH contacts, which is consistent with the high propensity for the formation of O-HÁ Á ÁN and O/N/C-HÁ Á ÁO hydrogen bonds. CÁ Á ÁH contacts are enriched because of the presence of aromatic rings, HÁ Á ÁH contacts are found to have the usual enrichment ratios slightly lower than unity.
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.40, update of May 2019; Groom et al., 2016) for 2pyrazoline derivatives gave 134 hits, of which 37 are 3,5disubstituted (only organic molecules were considered). Where both substituents on the pyrazoline ring are aromatic rings, three 2-pyrazoline derivatives were found with substituted benzene rings at position 3 and a 2-naphthyl ring system at position 5. In addition, two structures have substituted benzene rings as both substituents and are very similar to 2. The first one, 2-methoxy-4-[3-(3-nitrophenyl)-4,5-dihydro-1Hpyrazol-5-yl]phenol (refcode UJUDOU; Inturi et al., 2016) , crystallizes in P2 1 /c with one molecule in the asymmetric unit. 
Figure 4
Two views of the Hirshfeld surface mapped over d norm for 2 in the range À0.7348 to +1.5269 arbitrary units.
The pyrazoline ring has an envelope conformation with the substituted sp 2 C atom on the flap. The dihedral angle between the phenyl rings is 49.37 (8) , that between the pyrazoline ring and the nitrophenyl ring is 9.7 (1) and that between the pyrazoline ring and the methoxyphenol ring is 56. 78 (9) . The second structure, 3-(2 0 -hydroxy-5 0 -methoxy-phenyl)-5-(3methoxy-4-hydroxyphenyl)-4,5-dihydro-1H-pyrazole (RES-JUV; Gupta et al., 2006) , crystallizes in Pbca with one molecule in the asymmetric unit. The conformation of the pyrazoline ring is the same as that in UJUDOU. The phenyl rings make an angle of 56.0 (1) , while the dihedral angles between the pyrazoline ring and the phenyl rings at atom C3 and C5 are 12.1 (1) and 68.2 (1) , respectively.
Synthesis and crystallization
The reaction scheme for the synthesis of 2 starting from vanillin is given in Fig. 6 . (E)-3-(4-Hydroxy-3-methoxyphenyl)-1-(4-hydroxyphenyl)prop-2-en-1-one, 1, was synthesized as described in a previous study (Duong Khanh et al., 2018) . Synthesis of 4-(3-(4-hydroxyphenyl)-4,5-dihydro-1Hpyrazol-5-yl)-2-methoxyphenol (2):
A mixture of chalcone 1 (0.01 mol), 2.5 mL of hydrazine hydrate and 25 mL of ethanol was refluxed at 353 K for 2 h. After pouring the reaction mixture into 200 mL of ice-water, the crude solid product was isolated by vacuum filtration, washed several times with cold water and recrystallized from ethanol:water (1:2) to give yellow crystals (2.24 g, yield 79%), m.p. 465 K. 1 H NMR [Bruker XL-500, 500 MHz, d 6 -DMSO, (ppm), J (Hz), see Fig. 6 for numbering scheme]: 6.71 (d, 1H, J = 8.0, H2); 3.75 (s, 3H, H2a); 6.74 (d, 1H, J = 1.5, H3); 6.95 (d, 1H, J = 1.5, H5), 4.67 (t, 1H, H7); 3.30 (dd, 1H, J = 11.0; 16.0, H8a); 2.76 (dd, 1H, J = 11.0, 16.0, H8b), 7.45 (d, 2H, J = 8.5, H11 and H15); 6.76 (d, 2H, J = 8.5, H12 and H14).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . The O-and N-bound H atoms H2, H14, H21, H22A and H22B were found in difference electron density maps and refined freely. The other H atoms were placed in idealized positions and included as riding contributions with U iso (H) values of 1.2U eq or 1.5U eq of the parent atoms, with C-H distances of 0.93 (aromatic), 0.98 (CH), 0.97 (CH 2 ) and 0.96 Å (CH 3 ). In the final cycles of refinement, eight outliers were omitted. 
Figure 6
Reaction scheme for the synthesis of compound 2. 
4-[3-(4-Hydroxyphenyl)-4,5-dihydro-1H-pyrazol-5-yl]-2-methoxyphenol monohydrate

Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (11) 0.0002 (9) −0.0044 (9) 0.0028 (9) C3 0.0360 (11) 0.0297 (10) 0.0387 (12) −0.0042 (8) −0.0078 (9) 0.0049 (9) C10 0.0400 (11) 0.0308 (11) 0.0353 (11) −0.0049 (9) −0.0016 (9) −0.0054 (9) C5 0.0411 (12) 0.0316 (11) 0.0402 (12) −0.0015 (9) −0.0009 (10) 0.0040 (9) C15 0.0464 (13) 0.0430 (12) 0.0400 (12) 0.0030 (10) 0.0018 (10) 0.0069 (10) C4 0.0384 (12) 0.0435 (12) 0.0531 (14) −0.0057 (9) −0.0008 (10) 0.0162 (11) 
